Pyrogen reactions during cardiac catheterization are an alarming complication that frightens patients and baffles many physicians. This report describes a simple, reproducible, precise technique for the measurement of endotoxin-like activity on the inner and outer surfaces of catheters intended for intravascular insertion. This technique is useful in documenting the cause of patient reactions. Quality control procedures should be instituted following the manufacture of angiographic catheters so that pyrogen-free products are available for patient use. Catheters processed in a hospital are easily contaminated with fever-producing lipopolysaccharides from tap water or from bacterial growth in residual moisture. Sterilization by steam or ethylene oxide does not destroy these lipopolysaccharides. Consequently, reprocessing reusable catheters must include concern for removing lipopolysaccharides as well as sterilization.
Chills, fever, and hypotension in patients undergoing cardiac catheterization have been suspected to be reactions to endotoxin. Lee et al. reported an incidence of reactions in 13% of patients undergoing cardiac catheterization over a 3-month period (4) . Documentation of the presence of endotoxin on catheters has awaited the refinement of techniques for precise determination of endotoxin and for a simple, convenient, and reproducible method of eluting both the inner and outer surfaces of a catheter with a minimal amount of pyrogen-free water.
The technique for the detection of picogram quantities of endotoxin in fluids using Limulus amoebocyte lysate has been developed by Nandan and Brown (7) . Mascoli Ten milliliters of nonpyrogenic water (Sterile Water for Injection, USP, Travenol Laboratories, Inc., Deerfield, Ill.) was injected into the lumen of the catheter lying in the glass tube from a nonpyrogenic syringe attached to the hub of the catheter. One milliliter filled the catheter, and the remaining water filed the space between the exterior of the catheter and the glass tube. The water was aspirated back into the syringe. Three 0.1-ml samples of the water were reacted in depyrogenated test tubes with 0.1 ml of Limulus amoebocyte lysate (Hyland Laboratories, Inc., Costa Mesa, Calif.). A colorimetric determination of the precipitated protein was then done by the OyamaEagle modification (8) of the Lowry assay (5) as follows. After incubation in a 37°C water bath for 1 h, the test tubes were centrifuged, 12,500 x g, for 10 min. The supernatant in each tube was discarded, and the pellet was dissolved in 0.2 ml of 0.75 N NaOH. One milliliter of Lowry copper solution was added and incubated for 10 min before adding 0.1 ml of 1 N phenol reagent solution (Folin-Ciocalteu). After a 30-min incubation, absorbance at 660 nm was measured in a microsampling spectrophotometer (Gilford Instrument Laboratories, Inc., Oberlin, Ohio).
The technique for the detection of picograms of endotoxin contamination was based on the formation of a specific protein precipitate. The measurement of precipitated protein is a more sensitive method for the detection of endotoxin than simple gelation of the Limulus lysate, a method in common use (7) . Levels of E. coli endotoxin as low as 6 pg/ml are detectable. Optical density readings were interpreted by reference to a standard curve of E. coli 055:B5 endotoxin (Difco Laboratories, Detroit, Mich.) determined on the day tests were done.
Water flushed through the catheters was assayed for endotoxin levels in picograms per milliliter, and the determination was corrected for the total volume of water used to elute the interior and exterior surfaces of the catheter.
To determine whether the Pyrex glass tube was depyrogenated by direct heating, we snapped off the sealed end of one tube. The tube was heated in a bunsen burner flame for 15 min. After cooling, the bore was flushed with 10 ml of sterile, nonpyrogenic water (Sterile Water for Injection, Travenol Laboratories, Inc.) using a syringe and needle. Seven picograms of ELA per ml was recovered. The tube was heated a second time, and a solution containing 49 pg of E. coli endotoxin 055:B5 per ml was flushed through, and 49 pg of ELA per ml was recovered from the rinse. Without heating, the tube was immediately flushed with 10 ml of pyrogen-free water. Six picograms of ELA per ml was recovered. Heating of the tube, followed by flushing with 10 
RESULTS
To establish a base line for the ELA of commercially prepared angiographic catheters, we purchased from three manufacturers 106 catheters, packaged, sterile, and ready for insertion. An additional 25 catheters which were described as "unfinished" and not sterilized were also obtained from one manufacturer. All were tested for ELA. Endotoxin levels starting at 100 pg/ml are detectable in rabbits when a 10-ml/kg dose is injected intravenously (3). Although 50 pg/ml is readily detectable and can be precisely assayed by the endotoxin-induced protein precipitation test, that quantity of endotoxin does not produce a positive reaction in the rabbit. the incremental endotoxin levels, i.e., the total amount eluted over the period of use, or to individual, transitory endotoxin levels due to boluses of infusates is also unknown. For example, the rabbit test detects a concentration of purified E. coli endotoxin of 1 ng/ml when a 1-ml/kg dose is used, but it will also detect a concentration as low as 0.1 ng/ml when a 10-ml/ kg dose is used (3) . DISCUSSION The cell wall lipopolysaccharides, or endotoxins, of gram-negative bacteria are biologically on October 16, 2017 by guest http://jcm.asm.org/ Downloaded from the outer surfaces, with a detergent containing sodium hypochlorite followed by a copious rinsing with hot (maintained at 60°C), freshly distilled water or, if unavailable, bottled, sterile distilled water (10) . Contact with tap water, skin, and wet cleaning tools was avoided. No further reactions have occurred.
Cognizance of the problem and awareness of timely and proper cleaning procedures should eliminate the necessity for retesting of catheters for endotoxins unless patient reactions reoccur.
We have served hospitals in Atlanta, Boston (1), East Chicago, Philadelphia, Sacramento, and Ann Arbor as consultants concerning febrile reactions during angiography. In addition to catheters discussed here, guide wires, stopcocks, manifolds, glass syringes, cannulas, injectors, and disposable gloves have been implicated as sources of pyrogen. Pyrogen is eluted from any surface by water and can be imprinted from pyrogen-contaminated surfaces onto surfaces that are inserted intravascularly. Hence, items that are reused must be processed, packaged, and sterilized promptly to limit the time for bacterial growth.
Purchase orders for disposable devices through which fluid is to be injected, devices that are inserted intravascularly, or items that are likely to come into contact with such devices should specify "sterile and nonpyrogenic" labeling.
